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DQG FRPIRUWDEOH YHKLFOH 7DNLQJ LQWR DFFRXQW WKHVH FRQVWUDLQWV RXU LQWHUHVW KDV EHHQ IRFXVHG RQ WKH
:'HOHFWULFYHKLFOHZLWKLQGHSHQGHQWGULYLQJZKHHOPRWRUDWWKHIURQWDQGZLWKFODVVLFDOPRWRUVRQWKHUHDUGULYH
VKDIW>@7KLVFRQILJXUDWLRQLVDFRQFHLYDEOHVROXWLRQWKHSROOXWLRQRIWKLVYHKLFOHLVVWURQJO\GHFUHDVHGDQG
HOHFWULFWUDFWLRQJLYHVWKHSRVVLELOLW\WRDFKLHYHDFFXUDWHDQGTXLFNFRQWURORIWKHGLVWULEXWLRQWRUTXH7RUTXHFRQWURO
FDQEHHQVXUHGE\WKHLQYHUWHUVRWKLVYHKLFOHGRHVQRWUHTXLUHDPHFKDQLFDOGLIIHUHQWLDOJHDURUJHDUER[2QHRIWKH
PDLQLVVXHVLQWKHGHVLJQRIWKLVYHKLFOHZLWKRXWPHFKDQLFDOGLIIHUHQWLDOLVWRDVVXPHWKHVWDELOLW\'XULQJQRUPDO
GULYLQJFRQGLWLRQDOOGULYHZKHHOV\VWHPUHTXLUHVDV\PPHWULFDOGLVWULEXWLRQRIWRUTXHLQWKHERWKVLGHV,QUHFHQW
\HDUV GXH WR SUREOHPV OLNH WKH HQHUJ\ FULVLV DQG HQYLURQPHQWDO SROOXWLRQ WKH (OHFWULF 9HKLFOH (9 KDV EHHQ
UHVHDUFKHGDQGGHYHORSHGPRUHDQGPRUHH[WHQVLYHO\>@
&XUUHQWO\PRVW(9 LV GULYHQ E\ WZR IURQWZKHHOV RU WZR UHDUZKHHOV&RQVLGHULQJ VRPH HIILFLHQF\ DQG VSDFH
UHVWULFWLRQVRQ WKHYHKLFOHSHRSOHKDYHSDLGPRUHDQGPRUHDWWHQWLRQ LQ UHFHQW\HDUV WR IRXUZKHHOGULYHYHKLFOHV
HPSOR\LQJ WKH ,0 LQZKHHO PRWRU 7KH'LUHFW 7RUTXH &RQWURO VWUDWHJ\ '7& LV RQH NLQG RI KLJK SHUIRUPDQFH
GULYLQJ WHFKQRORJLHV IRU $&PRWRUV GXH WR LWV VLPSOH VWUXFWXUH DQG DELOLW\ WR DFKLHYH IDVW UHVSRQVH RI IOX[ DQG
WRUTXHKDVDWWUDFWHGJURZLQJ LQWHUHVW LQ WKH UHFHQW \HDUV7KHPDLQDGYDQWDJHVRI'7&DUH UREXVWDQG IDVW WRUTXH
UHVSRQVH QR UHTXLUHPHQWV IRU 3:0 SXOVH JHQHUDWLRQ DQG FXUUHQW UHJXODWRUV DV ZHOO DV JRRG VWHDG\VWDWH DQG
G\QDPLFSHUIRUPDQFHV7KH'&'&FRQYHUWHU LV XVHGZLWKDZLGH UDQJHLQ HOHFWULF YHKLFOHV WR DVVXUH WKH HQHUJ\
UHTXLUHIRUWKHSURSXOVLRQV\VWHP
7KLV SDSHU SURSRVHV D QHXUDO QHWZRUN3, VSHHG FRQWURO DSSURDFKRI DQ HOHFWULFDO GLIIHUHQWLDO V\VWHP IRU DQ(9
SURSHOOHGE\IRXULQGXFWLRQPRWRUGULYHVRQHIRUHDFKZKHHO>@,QGHHGQHXUDOQHWZRUNFRQFHSWVKDYHEHFRPHDQ
DFWLYHUHVHDUFKDUHDLQSRZHUHOHFWURQLFVDQGPRWRUGULYHV%HFDXVHRIWKHQHFHVVLW\IRUDGDSWLYHDELOLWLHVLQDQHWZRUN
OHDUQLQJSURFHVV DSSO\LQJQHXUDO QHWZRUNV WR V\VWHP LGHQWLILFDWLRQ DQG FRQWUROG\QDPLFVKDVEHFRPHDSURPLVLQJ
DOWHUQDWLYH WRSURFHVVFRQWURO1HXUDOQHWZRUNVFDQEHDSSOLHG WRFRQWURODQG LGHQWLI\QRQOLQHDU V\VWHPVVLQFH WKH\
DSSUR[LPDWHDQ\GHVLUHGGHJUHHRIDFFXUDF\ZLWKDZLGHUDQJHRIQRQOLQHDUPRGHOV>@
7KHDLPRIWKLVSDSHULVWRXQGHUVWDQGWKHOLWKLXPLRQEDWWHU\FRPSRUWPHQWFRQWUROOHGE\'&'&FRQYHUWHUHDFK
ZKHHOV LV FRQWUROOHG LQGHSHQGHQWO\ E\ XVLQJ GLUHFW WRUTXH FRQWURO EDVHG VSDFH YHFWRU PRGXODWLRQ XQGHU VHYHUDO
WRSRORJ\DQGVSHHGYDULDWLRQ0RGHOLQJDQGVLPXODWLRQDUHDSSURYHGRXWXVLQJWKH0DWODE6LPXOLQNWRROWRVWXG\WKH
SHUIRUPDQFHRI:'SURSRVHGV\VWHP

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
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FRPSDUHGWRWKHPHDVXUHGRQH>@7KHREWDLQHGHUURULVDSSOLHGWRWKHVSHHGUHJXODWRU3,ZKRVHRXWSXWSURYLGHV
WKHUHIHUHQFHWRUTXH7KHHVWLPDWHGVWDWRUIOX[DQGWRUTXHDUHFRPSDUHGWRWKHFRUUHVSRQGLQJUHIHUHQFHV7KHHUURUV
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:KHUH VI LV WKHLV WKHVWDWRUIOX[ VDI DQG VEI DUH WKHVWDWRUIOX[LQDE FRPSRQHQWV  V5 LV WKHVWDWRUUHVLVWDQFH
HP7 LV WKH HOHFWURPDJQHWLF WRUTXH  V9D DQG V9E DUH WKH VWDWRU YROWDJHV LQ DE FRPSRQHQWV  VLD DQG VLE DUH WKH VWDWRU
FXUUHQWVLQDE FRPSRQHQWV
6LPXODWLRQUHVXOWV
,QRUGHUWRFKDUDFWHUL]HWKHGULYLQJZKHHOV\VWHPEHKDYLRUVLPXODWLRQVZHUHFDUULHGXVLQJWKHPRGHORI)LJXUH
7KHIROORZLQJUHVXOWVZHUHVLPXODWHGLQ0$7/$%DQGLWVGLYLGHGLQWZRSKDVHV7KHILUVWRQHGHDOZLWKWKHWHVWRI
WKH(9SHUIRUPDQFHVFRQWUROOHGZLWK'7&VWUDWHJ\XQGHU VHYHUDO VSHHGYDULDWLRQV LQ WKHRWKHUKDQGZHVKRZ WKH
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LPSDFWRIWKLVFRQWUROOHURQYHKLFOHSHUIRUPDQFHSRZHUHOHFWURQLFV2QO\WKHULJKWPRWRUVLPXODWLRQVDUHVKRZQ7KH
DVVXPSWLRQLVWKDWWKHLQLWLDOL]HG/L,RQEDWWHU\62&LVHTXDOWR

)LJ7KHGULYLQJZKHHOVFRQWUROV\VWHP
$'LUHFWWRUTXHFRQWUROVFKHPH
7KH WRSRORJ\ VWXGLHG LQ WKLV ZRUN FRQVLVWV RI WKUHH SKDVHV WKH ILUVW RQH UHSUHVHQW WKH DFFHOHUDWLRQ SKDVH¶V
EHJLQQLQJZLWK.PKLQVWUDLJKWURDG WKHVHFRQGSKDVHUHSUHVHQWWKHGHFHOHUDWLRQRQHZKHQ WKHVSHHGEHFDPH
.PKDQGILQDOO\WKH(9LVPRYLQJXSWKHVORSSHGURDGRIXQGHU.PKWKHVSHFLILHGURDGWRSRORJ\LV
VKRZQLQ)LJXUHZKHQWKHVSHHGURDGFRQVWUDLQWVDUHGHVFULEHGLQWKH7DEOH
7DEOH6SHFLILHGGULYLQJURXWHWRSRORJ\
3KDVHV (YHQWLQIRUPDWLRQ 9HKLFOH6SHHG>.PK@
3KDVH $FFHOHUDWLRQ 
3KDVH %ULGJH%UHDN 
3KDVH $FFHOHUDWLRQDQGFOLPELQJDVORSH 


)LJ6SHFLI\GULYLQJURXWHWRSRORJ\
5HIHUHHGWR)LJXUHDW WLPHRIV WKHYHKLFOHGULYHUPRYHRQVWUDLJKWURDGZLWKOLQHDUVSHHGRI.PK WKH
DVVXPSWLRQ¶VWKDWWKHWZRPRWRUVDUHQRWGLVWXUEHGDQGWKHLQLWLDOVWDWHRIFKDUJHRILVUHVSHFWHG
)LJXUHVDQGH[SODLQWKHYDULDWLRQRISKDVHFXUUHQWDQGGULYLQJIRUFHUHVSHFWLYHO\,QWKHILUVWVWHSDQGWRUHDFK
.PKWKH(9GHPDQGDFXUUHQWRI$IRUHDFKPRWRUZKLFKH[SODLQHGZLWKGULYLQJIRUFHRI1,Q
VHFRQG SKDVH WKH FXUUHQW DQG GULYLQJ IRUFHV GHPDQG GHFUHHV E\ PHDQV WKDW WKH YHKLFOH LV LQ UHFKDUJLQJ SKDVH¶V
ZKLFK H[SODLQHGZLWK WKH GHFUHDVLQJ RI FXUUHQW GHPDQG DQG GHYHORSHG GULYLQJ IRUFHV VKRZQ LQ )LJXUHV  DQG 
UHVSHFWLYHO\7KHODVWSKDVHVH[SODLQWKHHIIHFWRIDFFHOHUDWLRQXQGHUWKHVORSHRQWKHVWUDLJKWURDG(9PRYLQJ
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
)LJ9DULDWLRQRIYHKLFOHVSHHGVLQGLIIHUHQWVFHQDULRV

)LJ9DULDWLRQRISKDVHFXUUHQWRIWKHULJKWPRWRULQGLIIHUHQWSKDVHV
7KHGULYLQJZKHHOV IRUFHV LQFUHDVH DQG WKH FXUUHQW GHPDQGXQGHUJRGRXEOHRI WKH FXUUHQW EUDNLQJSKDVHV WKH
EDWWHU\ XVH  RI KLV SRZHU WR VDWLVI\ WKH PRWRUL]DWLRQ GHPDQG XQGHU WKH VORSSHG URDG FRQGLWLRQ ZKLFK FDQ
LQWHUSUHWHGSK\VLFDOO\ WKHDXJPHQWDWLRQRIWKHJOREDOO\YHKLFOHUHVLVWLYH,QWKHRWKHUKDQGWKHOLQHDUVSHHGVRIWKH
WZR LQGXFWLRQPRWRUV VWD\ WKH VDPHDQG WKH URDGGURSGRHVQRW LQIOXHQFH WKH WRUTXHFRQWURORIHDFKZKHHOV7KH
UHVXOWVDUHOLVWHGLQ7DEOH

)LJ9DULDWLRQRIGULYLQJIRUFHRIWKHULJKWPRWRULQGLIIHUHQWSKDVHV
$FFRUGLQJWRWKHIRUPXODVWKHYDULDWLRQRIUHVLVWLYHYHKLFOHWRUTXHVLQGLIIHUHQWFDVHVLVGHSLFWHGLQ7DEOH
7KHYHKLFOHUHVLVWLYHWRUTXHZDV1PLQWKHILUVWFDVHDFFHOHUDWLRQSKDVHZKHQWKHSRZHUSURSXOVLRQV\VWHP
UHVLVWLYHRQHLVRQO\1PLQWKHEUHDNLQJSKDVHVSKDVHVWKHEDFNGULYLQJZKHHOVGHYHORSPRUHDQGPRUH
HIIRUWVWRVDWLVI\WKHWUDFWLRQFKDLQGHPDQGZKLFKLPSRVHDQUHVLVWLYHWRUTXHHTXDOWR1P7KHUHVXOWSURYH
WKDW WKH WUDFWLRQ FKDLQ XQGHU DFFHOHUDWLRQ GHPDQG GHYHORS WKH GRXEOH HIIRUW FRPSDULQJ ZLWK WKH EUHDNLQJ SKDVH
FDVH¶V E\ PHDQV WKDW WKH YHKLFOH QHHGV WKH KDOI RI LWV HQHUJ\ LQ WKH GHFHOHUDWLRQ SKDVH
V FRPSDUHG ZLWK WKH
DFFHOHUDWLRQRQH
VDVLWLVVSHFLILHGLQ7DEOH
7DEOH9DOXHVRISKDVHFXUUHQWGULYLQJIRUFHRIWKHULJKWPRWRULQ
GLIIHUHQWSKDVHV
3KDVHV 3KDVH 3KDVH 3KDVH
&XUUHQWRIWKHULJKWPRWRU>$@   
'ULYLQJIRUFHRIWKHULJKWPRWRU>1@   

7DEOH9DULDWLRQRIYHKLFOHWRUTXHLQGLIIHUHQW3KDVHV
3KDVHV   
9HKLFOHUHVLVWLYHWRUTXH>1P@   
*OREDOO\YHKLFOHUHVLVWLYHWRUTXH3HUFHQW
FRPSDUHGZLWKQRPLQDOPRWRUWRUTXHRI
1P>@
  


%3RZHUHOHFWURQLFV
7KH/LWKLXP,RQPXVWEHDEOHWRVXSSO\VXIILFLHQWSRZHUWRWKH(9LQDFFHOHUDWLQJDQGGHFHOHUDWLQJSKDVHZKLFK
PHDQVWKDWWKHSHDNSRZHURIWKHEDWWHULHVVXSSO\PXVWEHJUHDWHUWKDQRUDWOHDVWHTXDOWRWKHSHDNSRZHURIWKHERWK
HOHFWULFPRWRUV7KHEDWWHU\PXVWVWRUHVXIILFLHQWHQHUJ\WRPDLQWDLQWKHLU62&DWDUHDVRQDEOHOHYHOGXULQJGULYLQJ
WKH)LJ D EFDQGGGHVFULEHV WKHFKDQJHVYHKLFOH VSHHG JOREDOO\PRWRU WRUTXH EDWWHU\FXUUHQW DQG
VWDWHRIFKDUJHLQGLIIHUHQWVFHQDULRV
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
)LJ9DULDWLRQRISDUDPHWHUVGXULQJFRQVLGHUDWLRQVFHQDULRDYHKLFOHVSHHGEJOREDOO\PRWRUSRZHUFEDWWHU\FXUUHQWG62&

)LJ9DULDWLRQRI/L,RQEDWWHU\SRZHULQGLIIHUHQWSKDVHV
7DEOH9DOXHVRI/L,RQEDWWHU\SRZHULQGLIIHUHQWSKDVHV
3KDVH 3KDVH 3KDVH 3KDVH
%DWWHU\SRZHU>N:@   
3HUFHQWDJHRIWKHEDWWHU\SRZHUFRPSDUHGZLWKJOREDOO\PRWRUSRZHU>@   

7DEOHDQGGHVFULEH WKHSRZHUGLVWULEXWLRQ LQ WKHHOHFWULFDO WUDFWLRQXQGHUVHYHUDOVSHHGUHIHUHQFHV7KHXVHG
EDWWHU\SURGXFHGSRZHUGHSHQGRQO\RQ WKHHOHFWURQLFGLIIHUHQWLDO FRQVLJQE\PHDQV WKHDFFHOHUDWLRQGHFHOHUDWLRQ
GULYHUVWDWHZKLFKFDQEHH[SODLQHGE\WKHEDWWHU\62&RI)LJXUHE>@
,Q)LJXUH WKHEDWWHU\SURYLGHVDERXW.ZLQ WKHILUVWSKDVH LQRUGHU WR UHDFK WKHHOHFWURQLFGLIIHUHQWLDO
UHIHUHQFH VSHHG RI  .PK ,Q WKH VHFRQG SKDVH SKDVH  GHFHOHUDWLRQ SKDVH
V WKH GHPDQGHG SRZHU EDWWHU\
GHFUHDVHGDERXW.Z WKDWSUHVHQWRI WKHJOREDOO\QRPLQDOSRZHUEDWWHU\ .Z ,Q WKLUGSKDVH WKH
EDWWHU\SURGXFHGSRZHULVHTXDOWR.ZXQGHUVORSSHGURDGVWDWHWKH7DEOHJLYHHYDOXDWLRQRI62&>@LQ
WKHGLIIHUHQWSKDVHV
7DEOH(YDOXDWLRQRI62&>@LQWKHGLIIHUHQWSKDVHV
3KDVH 6SHHG
>.PK@
%HJLQ3KDVH
>V@
(QG
3KDVH>V@
62&EHJLQ 62&HQG 62&GLII
      
      
      

)LJH[SODLQVKRZ62&LQWKH/L,RQEDWWHU\FKDQJHVGXULQJWKHGULYLQJF\FOHLWVHHPVWKDWWKH62&GHFUHDVHV
UDSLGO\ DW DFFHOHUDWLRQ E\ PHDQV WKDW WKH 62& UDQJH¶V EHWZHHQ  WR  GXULQJ DOO F\FOH¶V SKDVHV IURP
EHJLQQLQJDWWKHHQGF\FOHV$WW VWKHEDWWHU\62&EHFRPHVORZHUWKDQLWZDVLQLWLDOL]HGWRDW
WKHEHJLQQLQJRIWKHVLPXODWLRQ7KHILQDOVWDWHRIFKDUJHDUH
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
)LJ9DULDWLRQVRIWKH62&GXULQJWUDYHOOHGGLVWDQFHLQYHUVXVYHKLFOHVSHHG
)LJXUH  DQG 7DEOH  LQYHVWLJDWH WKH YDULDWLRQ RI VDWH RI FKDUJH GXULQJ WUDYHOOHG GLVWDQFH UHVSHFWLYHO\ 7KH
UHODWLRQVKLSEHWZHHQ62&DQGOHIWWLPHLQWKUHHSKDVHVDUHGHILQHGE\WKHIORZLQJOLQHDUILWWLQJIRUPXOD
WWWWWW>@62&   
0RUHRYHUWKHVLPXODWLRQUHVXOWVVSHFLILHGE\)LJXUHZHFDQGHILQHWKHUHODWLRQVKLSEHWZHHQWKHVDWHRIFKDUJH
DQGWKHWUDYHOHGGLVWDQFHLQHDFKFDVHVWKHILUVWRQHDFFHOHUDWLRQLVGHILQHGE\WKHOLQHDUILWWLQJIRUPXOD
>@  WUDYHOHGG62& 
7KHVHFRQGGHFHOHUDWLRQLVREWDLQHGDQGUHSUHVHQWHGE\
>@  WUDYHOHGG62&  
)LQDOO\WKHWKLUGSKDVH¶VIRUPXODDFFHOHUDWLRQXQGHUVORSHLVJLYHQE\
>@  WUDYHOHGG62& 
7DEOH(YDOXDWLRQRIGLVWDQFHWUDYHOHGDQG62&
3KDVHV 'LVWDQFHWUDYHOHG>P@ 62&'LIIHUHQFH>@ 3FRQVXPHG>.Z@
3KDVH   
3KDVH   
3KDVH   

)LJ5REXVWQHVVWHVWRI%XFN%RRVW'&'&FRQYHUWHUXQGHUVHYHUDOVSHHGYDULDWLRQV
7KLVSRZHULVFRQWUROOHGE\WKH%XFN%RRVW'&'&FRQYHUWHUFXUUHQWDQGGLVWULEXWHDFFXUDWHO\IRUWKUHHSKDVHV
>@)URP)LJXUHZHWHVWWKHEXFNERRVW'&'&FRQYHUWHUUREXVWQHVVXQGHUVHYHUDOVSHHGF\FOHV:KHQWKHVSHHG
SDVVHV IURP.PK WR.PK WKHGHPDQGHGYROWDJH LV97KHEXFNERRVWFRQYHUWHU LVQRWRQO\D UREXVW
FRQYHUWHUZKLFKHQVXUHVWKHSRZHUYROWDJHWUDQVPLVVLRQEXWDOVRDJRRGEDWWHU\UHFKDUJHULQGHFHOHUDWLRQVWDWHWKDW
KHOS WRSHUIHFW WKHYHKLFOH DXWRQRPRXVZLWKQRYROWDJH ULSSOH7DEOHJLYHV YROWDJH ULSSOH LQGLIIHUHQW FDVHV LQ
HOHFWULFDOWUDFWLRQV\VWHPZKHQWKHULSSOHUDWHFKDQJHVDUHDIIHFWHGZLWKWKHSKDVH¶VVWDWHV
7DEOH(YDOXDWLRQRIYROWDJHULSSOH
3KDVHV   
7KHYROWDJHULSSOH>9@>@   
&&DVHRIDQ(IILFLHQF\3,VSHHGFRQWUROOHU
7RFRPSDUHWKHHIIHFWRIGLVWXUEDQFHVRQWKHYHKLFOHVSHHGLQWKHFDVHVRIWZRW\SHVRIFRQWURO7DEOHVKRZV
WKHV\VWHPUHVSRQVHLQWZRFDVHV1HXUDOQHWZRUN3,VSHHGFRQWURODQG3,FODVVLFDOFRQWURO>@:HFDQVD\WKDW
WKHHIIHFWRIWKHGLVWXUEDQFHLVQHJOHFWHGLQWKHFDVHLQWHOOLJHQW3,VSHHGFRQWURO
,W DSSHDUV FOHDUO\ WKDW WKH FODVVLFDO FRQWUROZLWK3, FRQWUROOHU LV HDV\ WR DSSO\+RZHYHU WKH FRQWUROZLWK WKH
JHQHWLFDOJRULWKPFRQWUROOHUVRIIHUVEHWWHUSHUIRUPDQFHVLQERWKRIWKHRYHUVKRRWFRQWURODQGWKHWUDFNLQJHUURU,Q
      
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



'LVWDQFHWUDYHOHG>P@
62
&
>
@


6WDWHRIFKDUJH
3KDVH 3KDVH3KDVH
     





7LPH>V@
9R
OWD
JH
>9
@


'&EXV9ROWDJH
5HIHUHQFHYROWDJH
3KDVH3KDVH 3KDVH
9R
OWD
JH
>9
@
62
&
>
@
508   Brahim Gasbaoui et al. /  Procedia Technology  22 ( 2016 )  501 – 508 
DGGLWLRQ WR WKHVH G\QDPLF SHUIRUPDQFHV LW UHVSHFWV WKH LPSRVHG FRQVWUDLQWV E\ WKH GULYLQJ V\VWHP VXFK DV WKH
UREXVWQHVVRISDUDPHWHUYDULDWLRQV7DEOHSURYHVWKDW WKHLQWHOOLJHQW1HXUDOQHWZRUN3,VSHHGFRQWUROPLQLPL]H
WKH DHURG\QDPLF WRUTXH OHDGLQJ WR WKH GHFUHDVH RI WKH IURQW VHFWLRQ RI WKH HOHFWULF YHKLFOH DQG DXJPHQWDWLRQ RI
DXWRQRP\EDWWHU\SRZHU
7DEOH3HUIRUPDQFHVRIWKH1HXUDOQHWZRUN3,VSHHGFRQWUROLQWKHVSHHGUHVSRQVH
3DUDPHWHUDQGLQGH[HV 3,FODVVLFDO $Q(IILFLHQF\3,VSHHGFRQWUROOHU
2YHUVKRRW>@  
5LVHWLPHVHF  
6WHDG\VWDWHHUURU>@ H H
7DEOH&RPSDUDWLYH6WXG\
3DUDPHWHUDQGLQGH[HV 3,VSHHGFRQWURO $Q(IILFLHQF\3,VSHHGFRQWUROOHU
$HURG\QDPLFWRUTXH>1P@  
9HKLFOHWRUTXH>1P@  
&XUUHQW>$@  
(OHFWURPDJQHWLFWRUTXH>1P@  
&RQFOXVLRQ
,QWKLVSDSHU$Q(IILFLHQF\3,VSHHGFRQWUROOHUEDVHGQHXUDOQHWZRUNLVGHVLJQHGDQGVLPXODWHGWRLQFUHDVHWKH
HOHFWULFYHKLFOHSHUIRUPDQFH7KHSRZHUSURSXOVLRQV\VWHPVWXGLHGLQWKLVSDSHUKDVGHPRQVWUDWHGWKDWWKH/LWKLXP
,RQ EDWWHU\ EHKDYLRXU FRQWUROOHG E\ EXFN ERRVW'&'& FRQYHUWHU IRU XWLOLW\ (9 ZKLFK XWLOL]H WRZ UHDU GHULYLQJ
ZKHHOIRUPRWLRQFDQEHLPSURYHGXVLQJGLUHFWWRUTXHFRQWUROVWUDWHJ\EDVHGRQVSDFHYHFWRUPRGXODWLRQZKHQWKH
EDWWHU\GHYHORSHGSRZHUGHSHQGRQWKHVSHHGUHIHUHQFHRIWKHGULYHU7KHVHYHUDOVSHHGYDULDWLRQVGRQRWDIIHFWWKH
SHUIRUPDQFHV RI WKH /LWKLXP ,RQ EDWWHU\ DQG WKH FRQWURO VWUDWHJ\ JLYHV JRRG G\QDPLF FKDUDFWHULVWLFV RI WKH (9
SURSXOVLRQ V\VWHP7KLV SDSHU SURSRVHV QRYHO ILWWLQJ IRUPXODVZKLFK JLYH WKH UHODWLRQVKLS EHWZHHQ WKH62& DQG
GLVWDQFHWUDYHOOHGDQGRWKHUVIRUPXODVWKDWJLYHPRUHHIILFLHQF\WRGLIIHUHQWSURSXOVLRQV\VWHPVSDWKV
$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOGOLNHWRDFNQRZOHGJHWKH/DERUDWRU\RI6PDUW*ULGVDQG5HQHZDEOH(QHUJLHV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